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Soil Moisture Measurements and Correlation Analysis to Understand the Runoff
Generation Process for a Bumrunsa Hillslope of Sulmachun Watershed
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Abstract

The soil moisture measurements and correlation analysis are presented to improve understanding the
hydrological process at the hillslope scale. The rainfall events is a main driver of soil moisture variation,
and its stochastic characteristic need to be properly treated prior to the correlation analysis between soil
moisture measurements. Using field measurements for two designated periods during the late summer and
autumn seasons in 2007 obtained from the Bumrunsa hillslope located at the Sulmachun watershed,
prewhitened correlation analysis were performed for 8, 14, 7 and 7 relationships representing the vertical,
lateral, recharge and return flows, for two designated periods, respectively. The analysis indicated both
temporal and spatial variation patterns of hydrological processes, which can be explained by the relative
contribution of matrix and macropore flows and the impact of transect topography, respectively.
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Fig. 1. Sulmachun Watershed and the Study Area with Locations of Soil Moisture Sensors
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(a)

(b)

Fig. 2. Upslope Contributing Area (a) and Topographic Wetness index (b) through Application of MD8
algorithm (Quinn et al., 1991) to the DEM of Study Area
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Fig. 3. Soil Moisture Measurements during August 1st and 27th in 2007 (a); and during September
18th and October 8th (b)
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Fig. 5. Cross Correlation Function (CCF) of Original Soil Moistures between A1-10 and A1-30 point (a);

CCF of Prewhitened Soil Moistures between A1-10 and A1-30 points (b); C. I.:
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Fig. 6. Schematic for Cross Correlation Relationships along Transect B in Fig.1; The Dotted, Solid
and Dashed Line Are for Lateral, Vertical and Recharge and Return Flows, Respectively

Table 1. Prewhitened Cross Correlation Analysis for Vertical Soil Moisture Profile During Aug. 2007;
Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture
Initial Final Lag (bi-hours)

Point Point -5 -4 -3 -2 -1 0 1 2 3 4 5
B1-10 B1-30 0.10 | 0.20 | 0.31 | 0.33 | 0.41 | 055 | 0.21 0.08 0.06 0.05 0.04
B2-10 B2-30 0.03 0.02 0.03 0.07 0.07 0.10 0.09 0.08 0.00 0.04 -.02
B3-10 B3-30 007 | 0.20 | 0.16 | 0.24 | 0.38 | 0.71 | 0.27 0.03 0.12 0.08 -.06
B4-10 B4-30 -.05 0.13 0.09 007 | 0.22 | 0.79 | 0.23 0.06 0.05 0.02 -.06
B5-10 B5-30 -.01 0.09 0.09 0.03 0.19 | 074 | 0.21 0.00 0.07 0.07 0.01
B6-10 B6-30 004 | 0.13 | 0.14 | 0.13 | 0.37 | 0.79 | 0.17 0.03 0.11 0.10 0.00
B7-10 B7-30 -.03 -.03 -.05 -08 | 0.39 | 0.88 | 0.21 -.06 -.02 -.06 -.09
B8-10 B&8-30 -.08 -.05 -.05 -09 | 0.28 | 0.51 | 0.35 0.08 -.04 -.05 -.06
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Table 2. Prewhitened Cross Correlation Analysis for Lateral Flow of Soil Moisture at the Depth of 10 cm

During Aug. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point -5 -4 -3 -2 =i 0 1 2 3 4 5
B1-10 B2-10 0.03 0.05 0.05 0.1 0.15 0.09 0.12 0.09 0.11 0.04 -.01
B2-10 B3-10 -.04 0.02 0.00 0.02 0.09 | 0.16 | 0.17 | 0.10 0.07 0.04 0.03
B3-10 B4-10 -.04 0.01 0.11 003 | 025 | 0.83 | 0.32 0.11 0.19 0.09 -.03
B4-10 B5-10 -.02 0.03 0.12 0.07 0.22 0.68 | 0.21 0.07 0.06 0.05 -.02
B5-10 B6-10 -.01 0.08 0.05 0.05 0.13 0.71 0.21 0.01 0.12 0.08 -.01
B6-10 B7-10 -.06 0.02 008 | 0.15 | 0.23 | 0.60 0.06 -.03 0.13 0.09 -.05
B7-10 B&-10 -.03 -.01 0.04 -.01 0.3 071 | 0.15 | 0.02 0.03 -.01 -0.1

Table 3. Prewhitened Cross Correlation Analysis for Lateral Flow of Soil Moisture at the Depth of 30 cm
During Aug. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 -3 -2 -1 0 1 2 3 4 5
B1-30 B2-30 0.00 | -.02 | 0.16 | 0.12 | 0.19 | 0.31 | 0.30 | 0.21 | 0.17 | 0.19 | 0.12
B2-30 B3-30 007 | 0.20 | 0.16 | 0.24 | 0.38 | 0.71 | 0.27 0.03 | 0.12 0.08 -.06
B3-30 B4-30 -.04 0.04 0.07 0.01 0.16 | 0.59 | 0.35 | 0.21 0.11 0.19 0.05
B4-30 B5-30 -.04 0.11 0.08 008 | 0.23 | 0.77 | 0.19 0.03 0.07 0.03 0.00
B5-30 B6-30 0.05 0.11 0.11 0.12 | 0.32 | 0.81 | 0.23 008 | 0.14 | 0.12 0.00
B6-30 B7-30 -.02 0.00 | 0.12 | 0.19 | 0.30 | 0.47 | 0.15 0.09 | 0.14 0.07 0.02
B7-30 B&-30 -.08 -.05 -.05 -.09 0.28 0.51 0.35 0.08 -.04 -.05 -.06

Table 4. Prewhitened Cross Correlation Analysis for Lateral Soil Moisture Recharge from the Depth at 10
cm to 30 cm During Aug. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 =3 =2 =1 0 1 2 3 4 5
B1-10 B2-30 -.03 0.03 -.01 012 | 0.27 | 0.14 | 0.20 | 0.14 | 0.22 | 0.13 0.10
B2-10 B3-30 -.02 0.03 0.04 0.02 0.11 0.15 | 0.18 0.09 0.05 0.05 0.01
B3-10 B4-30 -.01 0.03 0.12 0.02 025 | 0.79 | 0.31 0.10 0.10 0.11 -.01
B4-10 B5-30 -.05 0.03 0.13 0.11 0.21 0.76 | 0.22 0.06 0.09 0.04 -.02
B5-10 B6-30 0.05 0.12 0.11 0.13 | 0.34 | 0.69 | 0.23 0.06 0.12 0.08 0.04
B6-10 B7-30 -.01 0.03 0.08 0.18 | 0.37 | 0.48 0.00 -.01 0.14 0.03 -.06
B7-10 B8-30 -.02 0.00 -.07 -.08 0.33 | 045 | 0.29 0.08 -.03 -.05 -.08
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Table 5. Prewhitened Cross Correlation Analysis for Lateral Soil Moisture Return Flow from the Depth at
30cm to 10cm During Aug. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point -5 -4 -3 -2 -1 0 1 2 3 4 5
B1-30 B2-10 | 001 | 001 | 001 | 006 | 007 | 0.19 | 0.16 | 008 | 0.12 | 009 | 0.11
B2-30 B3-10 | -01 | -01 | 003 | 003 | 0.12 | 0.37 | 0.29 | 0.22 | 0.13 | 0.17 | 0.15
B3-30 B4-10 | -07 | 002 | 006 | -.01 | 0.17 | 0.60 | 0.34 | 0.25 | 0.17 | 0.19 | 0.07
B4-30 B5-10 | -.02 | 007 | 006 | 005 | 0.23 | 0.70 | 0.19 | 0.05 | 0.06 | 0.04 | 0.00
B5-30 B6-10 | -01 | 007 | 0.10 | 000 | 0.17 | 0.85 | 0.20 | 002 | 011 | 011 | -.05
B6-30 B7-10 | -05 | -01 | 0.10 | 0.18 | 0.18 | 0.53 | 0.23 | 0.12 | 0.14 | 0.10 | 0.01
B7-30 B810 | -02 | -04 | 003 | 001 | 0.24 | 0.70 | 0.28 | -.01 | 000 | 0.01 | 0.01

Table 6. Prewhitened Cross Correlation Analysis for Vertical Soil Moisture Profile During Sept. and Oct.
2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 =3 =2 =1l 0 1 2 3 4 5
B1-10 B1-30 0.03 0.02 0.01 0.03 0.05 0.02 0.11 0.15 0.03 -.04 0.11
B2-10 B2-30 -.02 0.04 0.05 -.01 0.10 0.10 0.30 | 0.21 0.22 | 0.30 | 0.47
B3-10 B3-30 0.01 0.20 | 0.26 | 0.31 062 | 065 | 0.24 0.05 0.01 -.05 -.13
B4-10 B4-30 -.08 003 | 014 | 019 | 048 | 0.91 | 0.25 | 0.13 0.10 -.06 -.15
B5-10 B5-30 -.12 0.02 0.14 | 0.20 | 0.46 | 0.91 0.36 | 0.14 | 0.15 -.02 -.15
B6-10 B6-30 -.01 0.10 0.13 | 0.27 | 0.66 | 0.74 | 0.27 | 0.23 | 0.17 -.03 -.25
B7-10 B7-30 -.04 0.11 0.18 | 0.21 062 | 069 | 0.21 0.06 0.11 0.01 -.16
B&8-10 B&8-30 -.21 -.19 0.07 -.08 0.15 | 063 | 0.19 0.01 0.01 -.02 -.03

Table 7. Prewhitened Cross Correlation Analysis for Lateral Flow of Soil Moisture at the Depth of 10cm
During Sept. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 =3 =2 =1 0 1 2 3 4 5
B1-10 B2-10 0.02 -.03 0.05 0.02 0.11 0.11 0.10 0.09 0.12 | 0.18 0.10
B2-10 B3-10 -.08 0.00 0.02 -.05 0.02 025 | 035 | 0.34 | 0.35 | 0.47 | 0.51
B3-10 B4-10 -.13 -.03 0.03 0.11 046 | 085 | 046 | 0.23 | 0.15 0.06 -.04
B4-10 B5-10 -12 -.01 0.11 0.18 | 050 | 0.84 | 0.29 | 0.13 0.11 -.02 -.15
B5-10 B6-10 -.23 -04 | 013 | 024 | 033 | 0.82 | 0.64 | 0.22 0.08 0.02 -.08
B6-10 B7-10 -12 0.01 0.06 0.16 0.49 1.00 0.49 0.16 0.06 0.01 -.12
B7-10 B&8-10 0.00 0.08 0.20 0.26 0.47 0.62 0.35 0.10 -.01 0.02 -.13
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Table 8. Prewhitened Cross Correlation Analysis for Lateral Flow of Soil Moisture at the Depth of 30 cm
During Sept. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 =3 =2 =1 0 1 2 3 4 5
B1-30 B2-30 0.03 -.03 0.00 0.03 0.08 023 | 0.30 | 0.30 | 0.15 0.01 0.38
B2-30 B3-30 -07 | 0.14 | 0.33 | 0.18 | 0.34 | 0.67 | 0.24 0.06 0.08 0.04 -.05
B3-30 B4-30 -.13 -.07 0.03 0.01 0.18 | 0.73 | 046 | 0.23 | 0.33 | 0.14 -.08
B4-30 B5-30 -.10 -.02 0.13 | 0.15 | 0.38 | 0.92 | 0.31 | 0.15 | 0.19 0.02 -.12
B5-30 B6-30 -.08 0.05 019 | 019 | 0.39 | 094 | 0.35 | 0.14 | 0.16 0.01 -.13
B6-30 B7-30 -.15 0.04 0.16 | 0.09 | 0.36 | 0.76 | 0.37 | 0.14 | 0.18 0.11 -.07
B7-30 B8-30 -21 0.19 0.07 -.08 | 0.15 | 0.63 | 0.19 0.01 0.01 -.02 -.03

Table 9. Prewhitened Cross Correlation Analysis for Lateral Soil Moisture Recharge from the Depth at 10
cm to 30 cm During Sept. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)

Point Point =5 -4 =3 =2 =1 0 1 2 3 4 5
B1-10 B2-30 0.02 0.04 -.01 -.06 -.02 0.06 0.07 0.03 0.03 0.09 -.05
B2-10 B3-30 -.01 0.05 0.08 -.01 0.11 036 | 042 | 0.40 | 0.45 | 0.46 | 0.37
B3-10 B4-30 -.07 0.04 0.09 0.19 | 0.61 083 | 0.39 | 0.22 | 0.15 0.02 -.07
B4-10 B5-30 -.09 0.01 0.11 0.16 | 0.47 | 0.84 | 0.20 0.11 0.16 -.03 -.17
B5-10 B6-30 -.07 006 | 017 | 023 | 050 | 0.91 | 0.39 | 0.16 | 0.14 | -.01 -.14
B6-10 B7-30 -.04 0.03 0.07 0.18 | 0.67 | 0.70 | 0.24 | 0.15 0.12 -.01 -21
B7-10 B&8-30 -.05 0.16 0.04 -.06 0.32 | 0.56 0.11 0.00 0.00 -.02 -.03

Table 10. Prewhitened Cross Correlation Analysis for Lateral Soil Moisture Return Flow from the Depth
at 30 cm to 10 cm During Sept. 2007; Initial Point: Causal Soil Moisture; Final Point: Resulting Soil Moisture

Initial Final Lag (bi-hours)
Point Point =5 -4 -3 -2 -1 0 1 2 3 4 5
B1-30 B2-10 0.23 | 0.30 | 0.30 | 0.32 | 0.33 | 0.23 | 0.40 | 0.27 | 0.15 | 0.16 | 0.16
B2-30 B3-10 -.06 008 | 0.18 | 0.18 | 0.24 | 0.67 | 0.59 | 0.24 0.09 0.07 0.02
B3-30 B4-10 -.16 -.10 -.03 -.05 009 | 065 | 0.54 | 0.24 | 0.28 | 0.17 -.04
B4-30 B5-10 -13 | -04 | 0.12 | 0.17 | 041 | 0.91 | 0.42 | 0.20 | 0.16 | 0.04 | -.11
B5-30 B6-10 -.26 -04 | 0.16 | 0.22 | 0.24 | 0.77 | 0.65 | 0.21 0.07 0.04 -.05
B6-30 B7-10 -.25 -03 | 0.17 | 0.23 | 0.27 | 0.74 | 0.66 | 0.27 | 0.13 0.10 -.01
B7-30 B&8-10 -.06 003 | 012 | 017 | 0.29 | 056 | 051 | 0.14 0.06 -.02 -.06
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